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I. SOME HINTS ON THE LIMITATIONS OF COMPUTERS FOR CALCULATIONS 


\ 7 | When you are solving some of the problems in this booklet 
you may encounter difficulties that appear to be caused by 
inconsistencies in mathematical methods but that are actually 
caused by the manner in which computers store and process 
numbers. Computers can not handle numbers which have too 
many Significant digits or which are too large in absolute 

+ value. In NEWBASIC you are limited to numbers having ten 


~ —76 
Significant digits that range in absolute value from 10 


to i. Problems also may arise when computers try to 
divide by numbers close to zero, subtract two numbers which 
are very close together, or add a very small decimal number 
to a very large whole number. One of the jobs which many 
mathematicians, computer scientists, and engineers work on 
is that of devising ingenious schemes for getting around 


these limitations of computers. 


The following examples show a few of the kinds of math- 


ematical problems that will be solved incorrectly by computers. 


Example 1: The problem of finding 2’°° can not be 
solved directly on a computer because 27°? is too large 
in absolute value to be calculated by an instruction such 
as >10 LET Y=2.0t793. This statement will cause the 
computer to print out xX IN EXP(X) TOO LARGE LINE 10. 


Example 2: 8 + 107/32 is 8.0000000000001, but the 
instructions: 


10 LET X=8.0 

20 LET Y=1.0E-13 
30 LET Z=X + Y 
40 PRINT Z 

$ 50 END 


will give the following printout for Z. 
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a, leausystem BASIC has an exponential limitation of +38. 


Example 3: The problem here is to find x 
for x=.000000001. YxX+9 =-3 


The program: 


10 LET X=.000000001 
20 LET Y=X/ (SQRT (X+9.0)-3.0) 
30 PRINT Y 
40 END 
gives 6.247225158 for the value of Y and this is not the 


correct solution to the problem. 


However, we can use the computer to solve this problem 
if first we rationalize the denominator. 


a ee; ae = Vxt 43 


The program: 


10 LET X=.000000001 

20 LET Y=SQRT (X+9.0) +3.0 
30 PRINT Y 

40 END 


gives the correct answer of 6 as output. 








IL.LIMITS OF SEQUENCES, LIMITS OF SUMS OF SEQUENCES, LIMITS 
OF A FUNCTION 


The speed and accuracy of computers does make them 
particularly useful for exploring limiting processes 
in mathematics. For example the sequence defined by 
f(n)="/n (for n=1,2,3,°°°) is made up of terms close 
to 1 for large values of n. The computation of a 
sufficient number of terms having large enough indices 
to enable us to be reasonably certain that 44m NAO = 1 


is quite tedious if we use pencil and and paper; however, 
the simple program: | 

10 INPUT N 

20 LET F=Nt (1.0/N) 

30 PRINT N, F 

40 GOTO 10 
permits us to compute enough terms of the sequence to dis- 
cover that l is a good guess for the limit. The fol- 
lowing table shows that this sequence converges to its 


limit rather slowly. 


N 
1 
2 
3 
4 
5 


F N F N 9 


200 1.027 
300 1.019 
400 1.015 
500 1.013 


N 
6 
7 
8 
9 
0 1000 1.007 





Using a computer to "make a sequence approach its limit" 
can help to clarify our understanding of limits; however, 
we must exercise extreme caution in drawing conclusions. 
Since we can never look at all of the terms, any conclusion 
abcut the limit of the sequence must be considered at best 
an educated guess and is always suspect until we can find 


some way to prove our guess. 


Problem 1: Write programs and use them to help you to make 

guesses about the limits of these sequences. 
im n 

a. as3 "Vt0 


B dim 2n+10 





n 
lim lL — 
Cc. nero 27 (Be careful, for large values of n, 2” 1s too 
large for the computer.) 
2 
n 


p. 238 gm 
n 


E« 432 n-1 (What happens if n=1?) 
lim | 
Fe. no 3 
lim 1\” — 
G. n+ L+H (This function has a limit, but for very 
large n the computer gives incorrect 
values for ae nN, 


1 
Problem 2: For each real number p, f(n)=nP determines 


a sequence for n=1,2,3,°°°. For some values of n the 
sequence converges and for others it deverges. Write a 


program that can be used to assist us in finding a ars 


for any value of p. Use your program to find the values 


of p for which this sequence will converge. 


Problem 3: Make up some interesting sequences and write 


progzams to help you discover their limits. 


The problem of finding the limit of the sum of the 
terms of a sequence can also be approached with the 
assistance of a computer. For instance the following 
program will sum the first n terms of the sequence 
1, 1/2, 1/4, 1/8, °°° for any integral value of n. 


10 LET S=1 

20 INPUT N 

30 FOR I=l TO N 

40 LET F=1.0/(2.0tI) 
50 LET S=S+F 

60 PRINT I, S 

70 NEXT I 

80 END 








¢ 


For n=10 we have: 





I S I S 

1 Lad 6 1.984375 

2 1.75 7 1.9921875 

3 1.875 8 1.99609375 
4 1.9375 9 1.998046875 
5 1.96875 10 1.999023437 


From this table it appears that the limit may be 2. 


Problem 4: Write programs and use them to estimate the 
limits of the sums of these sequences: 


(A) 1, 1/3, 1/9, 1/27,°°° 


(B) (1/2)7, (1/3)7, (1/4)',°°° 
1 i321 tk 
iC) O62, 11; 23, 3f,;°** 


(D) 1, ~l/2, 1/3, ~1/4, 1/5,°°° 
(E) 1, 1/2, 1/3, 1/4, 1/5, *** 


We can build upon our procedures for exploring Limits 
of sequences and limits of sums of sequences to study the 
limit of a function defined on any subset of the real 


numbers. 
lim x?4+x?-x-1 
For example, consider xl x-l . Since x «an 
have any real value except 1, we must decide upon a 
way to let x approach 1 in order to obtain useful 
data about this limit. One of the many possibilities 


is shown next. 
This program with N=5 


10 INPUT N 

15 PRINT 

20 FOR I=l1 TO N 

30 LET D=10t (-T) 

40 LET X1=1-D 

50 LET X2=1+D 

60 LET Yl=(X1+3+X1+2-X1-1) / (X1-1) 
70 LET Y2= (X2+3+X2t2-X2-1) / (X2-1) 


80 PRINT X1,Y1 


90 PRINT X2,Y2 
100 NEXT I 
110 END 


gives this output. 








0.9 3 « 61 

Rel 4.41 

0.99 3.960100001 
1.01 4.040099998 
0.999 3.99600101 

1.001 4.004000991 
0.9999 3.999600113 
1.0001 4.000399887 
0.99999 3.99996071 

1.00001 4.00003929 


The output indicates (but certainly doesn't prove) that 
the limit may be 4. 


You can see that the programming skills needed to 
write programs for exploring limits of sequences and 
functions are minimal and even people with little ex- 
perience on the terminal can soon be exploring some 


rather sophisticated mathematics concepts. 


Problem 5: Write programs and use them to make an 
educated guess about the following limits: 


lim 1\* 
(A) x70 \l+x 


lim sin(x) 
(B) x-0 x 

lim x?7-1l 
(C) x7l x-l 








lin | 
(D) x0 x+4 -2 (See Example 3) 
lim 1/x 
(E) x70 (1+x) (You may run into a problem here.) 


(F) Compare Problem 5, part E to Problem 1, part G. 


IIIT. APPROXIMATING AREAS 


Our problem now is that of finding approximations to 
areas bounded by the graph of a function and an interval 
of the x-axis. For example suppose we want to find the 
area bounded by the graph of y=x? and the interval 
[l, 25] of the x-axis. This area is illustrated in the 


following figure. 


| 
< 


area is that of constructing rectangles, the sum of whose 





5 10 15. 20 : 


The first approach we will use to approximate this 


areas is an approximation to the area in question. 


The next set of diagrams illustrates ways of building 


rectangles to get increasingly more accurate approximations. 


2. | 
y = xe 


5] xt 
see * \ \ANA \ AA 
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ry 
G2 
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i iy 7 10 13 i6. 19°~C*« 25 





With two rectangles the approximation is 12(1)7 + 
12 (13)? = 53. 27. With four rectangles it is 6(1)% + 
6(7)2 + 6(13)2 + 6 (19)? = 69.66. With eight rec- 
tangles our approximation is 76.39. 





You can observe from the shaded areas in the figures 
that the difference between the area and our approximation 
(the error) decreases as we increase the number of rec- 
tangles. The procedure of doubling the number of rectan- 
gles was continued to 8192 rectangles to obtain the fol- 
lowing table. 


Number of Approximation Number of Approximation Gd 
rectangles “to the area rectangles to the area 
2 55.266 128 82.291 
4 69.661 256 82.479 
8 76. 388 512 82.573 
16 79. 594 1024 82.620 
32 81.148 2048 82.643 
64, 81.912 4096 82.655 
8192 82.661 


We could have constructed some of the rectangles to 
extend above the graph and the widths of their bases 
could have been varied as shown below. 








RUN 


The next program /AREA/ is an example of the "rectan- 
gle method" (Eulers method) for obtaining a set of approx- 
imations to the area bounded by the graph of any specified 
polynomial of degree three or less for any interval of the 
x-axis. When you use the program you are free to select 
the polynomial and the interval. After the program has 
calculated an approximation to the area bounded by ax? + 
bx* + cx + d over [r,s] four options are available to you: 


1. Use more rectangles to get a better approx- 
imation. 

2. Approximate an area bounded by the same 
function over a different interval. 

3. Approximate the area bounded by a 
different function. 

4. Quit and do something else. 


When uSing the program, after you get the message 
NOW TYPE EITHER 34, 44, 54, OR 1000 


- Type 54 for option l. 
- Type 44 for option 2. 
- Type 34 for option 3. 
- Type 1000 for option 4. 


m WN FF 


A sample run together with the program listing is 
shown on.the next two pages. 


A sample run of the program /AREA/. 


THIS PROGRAM COMPUTES APPROXIMATIONS TO THE AREA 
BOUNDED BY THE X-AXIS AND THE GRAPH OF ANY POLYNOMIAL 
FUNCTION OF DEGREE THREE OR LESS OVER AN INTERVAL OF 


THE 


X-AXISe THE METHOD USED TO APPROXIMATE THE AREA 


IS TO BUILD RECTANGLES WHOSE SUM WILL RE AN APPROXIMATION 
TO THE AREA WE ARE TRYING TO FIND. 
THE POLYNOMIAL FUNCTION IS OF THE FORM 


A*Xt3*B*e Xt 24+C*X+D 


YOU CAN GIVE ANY VALUES CINCLUDING @) TO AsBsCs AND De 


OoKe>» 


A= 
B= 
C= 
De 


mw) ov 
QQeQ 


ASSIGN NUMERICAL VALUES TO AsBsCs» AND De. 


SELECT AN INTERVAL (R»sS) ON THE X-AXIS 
BY ASSIGNING VALUES TO R AND S.- 


F= 7? @ 

S= 2? 2 ’ 
HOW MANY RECTANGLES DO YOU WANT TO BUILD ON CR»sS)? ‘2 
N= 7 4 

THE INTERVAL IS € @ » @2 de 

THE NUMBER OF RECTANGLES IS 4 e 

THE FUNCTION IS 

@ Xt3+ 1 xt@+ @ Xt Ge 

THE APPROXIMATION TO THE AREA IS **##* 1-675 *#*** 

. 

NOW TYPE EITHER 34:44;54s OR 109QG- 

? 54 & 
HOW MANY RECTANGLES DO YOU WANT TO BUILD ON CR»sS)? 

N= ? 8 


THE INTERVAL IS € @ » 2 de 
THE NUMBER OF RECTANGLES IS 8 -« 
THE FUNCTION IS 

A X13+ 1 Xt2+ G@ Xt B@ - 


THE APPROXIMATION TO THE AREA IS *¥##* 201875 ***** 


NOW TYPE EITHER 34:44254s OR 19AG- 

? 54 : | | 

HOW MANY RECTANGLES DO YOU WANT TO BUILD ON CR»sS)? 
N= 7? 64 


THE INTERVAL IS € @ » 2 de 

THE NUMBER OF RECTANGLES IS 64 « 
THE FUNCTION IS 

6 Xt3+ 1 Xt@+ 8 Xt G « 


THE APPROXIMATION TO THE AREA IS **#** 269449 ¥#¥#k* 


NOW TYPE EITHER 34244554» OR 1000- 
? 1909 | 





A listing of the program /AREA/. 


19 PRINT "THIS PROGRAM COMPUTES APPROXIMATIONS TO THE 4REA™ 

12 PRINT"BOUNDED BY THE X-4XIS AND THE GRAPH OF ANY POLYNOMIAL" 

14 PRINT"FUNCTION OF DEGREE THREE OR LESS OVER 4N INTERVSL OF" 

16 PRINT"THE X-4XIS-e THE METHOD USED TO APPROXIMATE THE AREA" 

18 PRINT "IS TO BUILD RECTANGLES WHOSE SUM WILL BE AN APPRCXIMATION” 
29 PRINT"TO THE AREA WE ARE TRYING TO FIND." 

24 PRINT"THE POLYNOMIAL FUNCTION IS OF THE FORM" 
26 PRINT — 
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28 PRINT'A*Xt 3+ BeXt 24+CeX+D"* 

38 PRINT 

32 PRINT™YOU CAN GIVE ANY VALUES CINCLUDING @) TO AsBsCs AND De" 
34 PRINT"OeKes ASSIGN NUMERICAL VALUES TO 4AsBsCs AND De" 
36 PRINT “A= ""$ 

37 INPUT A 

38 PRINT’B= **5 

39 INPUT B 

49 PRINT’'C= "5 

41 INPUT C 

42 PRINT’D= “s 

43 INPUT D 

44 PRINT “SELECT AN INTERVAL CR»S) ON THE x-AxIs* 
46 PRINT “BY ASSIGNING VALUES TO R AND Se" 

48 PRINT “R= *3 : 

49 INPUT R 

5@ PRINT "“S= "5 

51 INPUT S 

S92 IF R>=S GOTO 50¢a 

94 PRINT "HOW MANY RECTANGLES DO YOU WANT TO RUILD ON CR»S)?7" 
56 PRINT "N= "'$ 

57 INPUT N 

598 PRINT 

60 LET P=INTCN) 

61 IF N>50@ GOTO 699 

62 IF N<1 GOTO 609 

63 IF N<>P GOTO 689 

64 LET T=94 

66 LET W=C(S-R)D/N 

78 FOR X=R TO (S-W) STEP W 

72 LET T=T+ ABS CA*Xt34+BeX124+C#X4+D) 

74 NEXT xX 

76 LET T=T*w 

78 PRINT “THE INTERVAL IS CSRs ys Ss ety V0 

84 PRINT “THE NUMBER OF RECTANGLES IS “3N3"." 
682 PRINT “THE FUNCTION IS" 

84 PRINT As "™x13+4 "SBS *XtOt "SCS*Xe SDs eee 

86 PRINT 

88 PRINT “THE APPROXIMATION TO THE AREA TS RHR HHS TS tee tee Kt 
89 PRINT 

99 PRINT 

194 PRINT “NOW TYPE EITHER 342445545 OR 1999-" 
196 INPUT K 

110 IF K=34 GOTO 34 

111 IF K=44 GOTO 44 

112 IF K=54 GOTO 54 

113 IF K=1890 GOTO 19940 

114 GOTO 700 | 

989 PRINT"R MUST BE LESS THAN Se TRY AGSIN>* 
5935 GOTO 44 

690 PRINT’N MUST BE A POSITIVE WHOLE NUMBER™ 
605 PRINT "LESS THAN 508%. TRY AGAINe"™ 

610 GOTO 54 

7800 PRINT “YOU GOOFED.e TAKE IT FROM THE TOP." 
718 GOTO 194 

1609 END 
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Problem 6: Use the program /AREA/ to find good approximations 
to the following areas: 


A. x? over [0, 4] 

B. x? aver [-4, 4] 

c. x? over [-2, 0] 

D. x*® over [0, 2] 

E. x’? over [-2, 2] 

F. 2x°-3x?+x-1 over [-4, 3] 





Problem 7: Write a program and use it to approximate the 
area bounded by sin(x) over the intervals. | 





A. [-T, 0] 
B. [0, T] 
Cc. ([-1, T] 
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IV. NUMERICAL INTEGRATION 


The method of constructing rectangles to approximate 
areas is one of several strategies which can be used in 
numerical integration. Remember that we can define the 


b ; n 
integral E f (x)dx to be ag } 1 (Ax; )£(x;), where the 
1 


Ax ,'s are subintervals of the x-axis which partition the 
interval [a, b] and the F(x;)'s are respective points in 
these intervals. To obtain a set of approximations to 

n 


b 
z 
rh f(x)dx, we need to compute jaz (44) £ (x4) where n, the 


number of subintervals into which [a, b] is divided, is 
increased for each approximation and the Ax;'s are decreased. 
In effect we are constructing rectangles of base Ax, with 
height £(x;), for i=l, 2, 3, 4,°°°, and summing the areas 
of all the rectangles. Since some of the F(x.) 's could be 
negative, which occurs over subintervals where the graph 

of £(x) dips below the x-axis, some of our areas (Ax) £(x;) 
will be negative. 


The next program /INTEGRATE/ is an illustration of the 
trapezoid method for approximating the definite integral 
of some function f(x). In this method we use approximating 
trapezoids rather than approximating rectangles as is shown 

in the diagram. | 


b 
An approximation to I £(x)dx using rectangles. 
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b 
An approximation to fi f(x)dx using trapezoids. 








After you have loaded the program /INTEGRATE/ do not 
type RUN. You must alter the program by supplying it 


with the function whose definite integral you want to 7 
approximate. This function must be entered as line 100 of — 
the program. For example if you want to integrate the 
function y=x* + 2x -l over some interval, you must type 
100 LET Y=Xt2 + 2.0*X -1.0. 
Now the program is complete and you can use it by typing 
RUN. The dependent variable must be called Y and the 
independent variable xX; so line 100 should always have 
the form 
100 LET Y=F (X) 
where F(X) is the function of X which you are going to study. © 
b 





After obtaining an approximation to 5 f(x)dx you have . 
three choices when the program calls for the change code 
by typing the message 


TYPE THE CHANGE CODE. 
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Choice 1: Type 30 to get a better approximation by 
increasing the number of trapezoids. 

Choice 2: Type 18 to integrate the same function 
over a different interval. 

Choice 3: Type 300 to stop the program. 


If you type 300 you can either stop or try the program 
on a different function Y=G(X) by typing 

100 LET Y=G (X) 

RUN 


Problem 8: Use /INTEGRATE/ to obtain a set of approximations 
to e“dx. Make a guess as to the value of this integral. 
0 . 


Problem 9: Use integrate to approximate: 
2 
A. i log, , (x)dx 
B . lo (x) dx 
"42 Ji 


4 
c. k log, (x) dx 


i | 
Problem 10: Use /INTEGRATE/ to approximate |, log, (x) dx. 


Some ingenuity is required here because log, (0) is undefined. 


Problem 11: Sketch a graph of y=x'-9x. Use /INTEGRATE/ to 
approximate the following definite integrals. 


A. [Py (x?-9x) dx 
0 
B. [. (x?=-9x) dx 


3 
Cc. J, (x ?-9x) dx 


o3 3 
D. [4 (x°-9x)dx 


Interpret the results of A, B, C, D relative to your graph. 
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A sample run of the program /INTEGRATE/. 


1906 LET Y=Xt2-2- Gx 


RUN 
THIS PROGRAM COMPUTES APPROXIMATIONS TO THE DEFINITE ; 
INTEGRAL OF THE FUNCTION WHICH YOU SUPPLIED ON LINE 186 _ 
OVER AN INTERVAL (AsB)- 
NOW TYPE A VALUE FOR A. 
21 
TYPE THE VALUE OF B. 
23 
HOW MANY SUBINTERVALS DO YOU WANT (A,B) DIVIDED INTO? 
216 
. 


THE INTERVAL IS ( 1 » 3 de 
THE NUMBER OF APPROXIMATING TRAPEZOIDS I5 16 





THE APPROXIMATION IS KEKKKK © 671875 KKK KK 


TYPE THE CHANGE CODE. 

238 

HOW MANY SUBINTERVALS DO YOU WANT (AsB) DIVIDED INTO? 
27188 


THE INTERVAL IS ¢€ 1 » 3 de 
THE NUMBER OF APPROXIMATING TRAPEZOIDS IS 100 


THE APPROXIMATION IS KKAKEK 86 696796 KKK . 
7 

TYPE THE CHANGE CODE. 

238 

HOW MANY SUBINTERVALS DO YOU WANT (A,B) ‘DIVIDED INTO? 

2406 


THE INTERVAL IS ¢€ 1 » 3 De 
THE NUMBER OF APPROXIMATING TRAPEZOIDS IS 4862 


THE APPROXIMATION IS KEKEKKK © 673972 **KKKK 


TYPE THE CHANGE CODE. 

27588 

THE CHANGE CODE MUST BE 185385 OR 30@- 
TYPE THE CHANGE CODE. 

73 o 
HOW MANY SUBINTERVALS DO YOU WANT ¢AsB) DIVIDED INTO? 

2580 





THE INTERVAL IS € 1 » 3 de 
THE NUMBER OF APPROXIMATING TRAPEZOIDS IS 5088 


THE APPROXIMATION IS *KKKK «© 672516 KKK 


TYPE THE CHANGE CODE. 
7300 
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12 PRINT 


A listing of the program /INTEGRATE/. 


PRINT "THIS PROGRAM COMPUTES APPROXIMATIONS TO THE DEFINITE" 
“INTEGRAL OF THE FUNCTION WHICH YOU SUPPLIED ON LINE 199" 
PRINT “OVER AN INTERVAL (AsB)." 


PRINT 


PRINT "NOW TYPE A VALUE FOR A." 


INPUT A 


28 PRINT "TYPE THE VALUE OF Be" 


INPUT B 
IF A>=B GO TO 2280 


PRINT "HOW MANY SUBINTERVALS DO YOU WANT (A,B) DIVIDED INTO?" 


INPUT N 


42 LET N=INTCABS(N)) 


LET S=9 
LET W=(B-A)/N 

FOR X=A TO B STEP W 
LET Y=Xt2-2.0*X 

IF X=B GOTO 125 

IF X=A GOTO 125 

LET S=S+2x*y 

GOTO 13@ 

LET S=S+Y 

NEXT X 

LET T=(€(€B-A)/C€C2*N))*S 
PRINT 

PRINT 

PRINT "THE INTERVAL IS cC'*sas*" 


PRINT "THE NUMBER OF APPROXIMATING TRAPEZOIDS IS"3N 


PRINT 
PRINT “THE APPROXIMATION IS 
PRINT 

PRINT “TYPE THE CHANGE CODE." 
INPUT C 

IF C=18 GOTO 18 

IF C=38 GOTO 30 

IF C=388 GOTO 300 

GOTO 252 

PRINT “A MUST BE LESS THAN B. 
GOTO 18 


* 


Le © ¢? es 
3Bs")e 


RK KKK S TS KKK 


TRY AGAIN." 


PRINT “THE CHANGE CODE MUST BE 185385 OR 300." 


GOTO 155 
EN D 
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APPROXIMATING VALUES OF DERIVATIVES 


The derivative of f(x)at x=a can be defined as 


lim f£(ath)-f(a). Since a is a constant, f(ath)-f (a) — 
h>0 h h 


is a function of h; consequently any method developed for 
approximating the limit of a function can be used to ap- 


proximate this limit. 


To approximate the derivative of y=x*for x=3 directly 





from definition, we need to find values of (3+h) *-(3)? for 
| h 





values of h which are close to 0. The program shown below 


produces the following set of approximations to lim (3+h)*-(3)? 
|  h-0 h 
where N=5. Notice that in this program h is approaching 0 


from the positive side. 


10 INPUT N 

20 FOR I=l TO N 

30 LET H=1/ (10+N) 

40 LET D=(((3+H) *2)-(3*2))/H 
50 PRINT H, D 





60 NEXT I . 
70 END ae 
h (3+h) 7- (3) ? 
h 

me 6.099999999 

Ol 6.009999994 

001 6.000999885 

.0001 6 .000099238 

.00001 5.999999121 


Problem 12: Write a program which will compute values of 





(3+h) 2-(3)2 for negative values of h. Use your program to 
h 


> 
estimate lim (3+h)?-(3)% as h approaches 0 from the ne- 
h>0 h | 
gative side. What is the derivative of x* when x = 3? 
cael 
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The problem of finding (3+h)?-(3)? for values of h 
h 


which are close to 0 illustrates one of the difficulties 
that can occur when we use a computer to perform our cal- 
culations. Suppose h=.00000000001, then the computer must 
find (3+.00000000001) *-37. However, 3+.00000000001 = 
.00000000001 | 
3.00000000001, which has 12 significant digits, and our 
computer can't handle this many significant digits, con- 
sequently the computer will take 3.00000000001 to be 


3.0000000000 and compute (3.0000000000) 7-(3.0000000000) 2 
- J.0E-ll 


which is 0. The correct answer is 6.00000000001, and in 

fact we are going to get erroneous data when |[h|<.0001. 

We can avoid this problem by simplifying (3th) ?7-(3)? before 
—— 


we write our computer program. 


By 2 a. 
(3+h) *-(3)* _ 9+6h+h?-9 _ pate 
— A 
So, lim (3+h)*-(3)? _ lim (6+h), and for h close to 0, 


h>0 h ~ ho 
6+h is close to 6. 
If we don't make this simplification the computer gives 
us incorrect information. If we make the simplification we 


don't really need a computer to show us that lim (6+h) = 6. 
h+0 
In this problem the computer really isn't of much help. 


As a general rule when using the computer to find 
£(xth)-f£(x) for various values of x, you should avoid 
h 


letting h be closer than .00001 to 0 as you attempt to 
estimate lim f(xth)-f(x) . 

h+0 h 
Problem 13: Write a program which can be used to find esti- 


mates for the derivative of log x for any value of x which 
10 


the user of the program chooses. You will need to consider 


finding lim log, , (xth) -log., , (x). 
Ee arr ee gee 
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Remember that log,,x is only defined for positive values of x. 
Test your program by estimating the derivatives for x=10, 100, 
1, 2, and 5. 


The next program called /DERIVSIN/ is one which can be 
used to find the derivative function of sin(x). Our strategy 


will be to find approximations to lim sin(xth)-sin(x) for many 
h>0 
values of x, obtaining a set of pairs of numbers {(x, approxi- 





mation to lim sin(x+h)-sin(x) );for these values of x. We will 
h>0 h . 
then plot all of these points on a rectangular coordinate system, 





sketch the graph which they form, and try to guess the function 
which has this graph. For each value of x that is entered 
into the program, it will give as output x, sin(x) and values 
of h and sin (xth)—sin(s) for h=t.d, #.01, #.001, and =.0001. 


Problem 14: Use the program /DERIVSIN/ to find the derivative 
function of sin(x). Select values for x until you have enough 
approximations to the derivative of sin(x) to sketch reasonably 
good graphs of both sin(x) and D,. sin(x). What is your guess 

as to the derivative function of sin(x)? 


Problem 15: Write a program similar to /DERIVSIN/ which for 
any value of x will give as output. 
x 
xX, e 


and h, eXth_.* 
h 
for h=+.1, +.01, +.001, and +.0001. 


Use this program to sketch graphs of y=e* and the derivative 
function of e*. | 


Problem 16: Write a program which for any value of x will 


give as output x, cos(x) and h, cos(x+th)-cos (x) 


for h=+.1, +.01, +.001, and +.0001. 


Use this program to discover the derivative function of cos (x). 
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A sample run of the program /DERIVSIN/. 


PROGRAM TO ESTIMATE THE DERIVATIVE OF SINCX) FOR 
ANY VALUE OF X. 


WHAT IS X? 
2-1] 
X = SINCX) = -.841471 
H CSINCX+H)-SINCX))/H 
1E-1 581437 
-lE-1 © 497367 
1E-2 e 544476 
-1E-2 53612 
1E-3 e5490376 
-1E-3 © 539899 
1E-4 537634 
-1E-4 © 542492 
WHAT IS X? 
26 
X = SINCX) = @ 
H CSINCX+H)-SINCX))/H 
1E-1 © 998334 
-l1E-1 998334 
1E-2 © 999983 
-~1E-2 999983 
1E-3 ] 
-1E-3 ] 
1E-4 ] 
-l1E-4 l 
WHAT IS X? 
ti 
X = SINCX) 841471 
H CSINCX+H)-SINCX))/H 
1E-1 © 497367 
-l1E-1 © 5981437 
1E-2 °53612 
-lE-2 e 544476 
LE=-3 ° 539899 
-1E-3 548376 
1E-4 © 5424802 
-1E-4 ©537634 
WHAT IS X? 
rs 
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A listing of the program /DERIVSIN/. 


19 PRINT “PROGRAM TO ESTIMATE THE DERIVATIVE OF SINCX) FOR" 

12 PRINT "ANY VALUE OF X." 

14 PRINT 

16 PRINT"WHAT IS X?" 

17 INPUT X > 
18 PRINT 

26 PRINT 

36 LET Z=SINCX) 

4® PRINT "X = “3"SINCX) = "3Z 

42 PRINT 

5@ PRINT * H CSINCX+H)-SINCX))/H" 
52 PRINT 

68 FOR N=1 TO 4 

76 LET H1=101(-N) 

808 LET H2=-H!1 

9@ LET Y1I=C(SINCX4+H1)-Z)/H! 

198 LET Y2=C(SINCX+H2)-Z)/H2 

118 PRINT H1,Y1 

120 PRINT H2,Ye2 





130 NEXT N 
148 GOTO 14 7 


158 END heed! 
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The following program is a generalization of the pro- 
gram /DERIVSIN/ which can be used to explore the derivative 
function of sin(x). When using this program, you have the 
option of selecting any function whose derivative you want 
to study. To use this program called /DERIVTIV/, first load 
the function into your workspace. Don't try to run this 
program until you alter it by providing the function whose 
derivative you are going to study. You can do this by typing 

100 LET Y=F (X) | 
where F(X) is any function you want. For example to find 
approximations to values of the derivative function of 
y=/x+4 you must type 

100 LET Y=SQRT (X+4.0) 

Of course you must remember that x must be greater than or 
equal to -4 or SQRT(X+4.0) will be imaginary. 


When you finish using the program to explore your function, 
hit the ESCAPE key. Now you can either LOGOUT or work on an- 
other function y=G(X) by typing 


100 LET Y=G (xX) 
RUN 


where G(X) is a specified function of X. 


The following pages contain a set of sample output from 
/DERIVTIV/ and a listing of the program. 


Problem 17: Use /DERIVTIV/ to obtain enough data to plot an 
accurate graph of y== and the derivative function of y==. 


Plot these graphs and try to guess the function which is the 
derivative of y=—- 


Problem 18: Use /DERIVTIV/ to assist in plotting the graphs 
of y=|x| and its derivative function. Try to guess the der- 
ivative function of y=|x]. 


Problem 19: Use /DERIVTIV/ to assist in plotting the graphs 
of y=sin(2x) and the derivative function of y=sin(2x). Can 


you guess what this derivative function is? 


Ze 


A sample run of the program /DERIVTIV/. 


100 LET Y=EXP (X) 


RUN Fa 


THIS PROGRAM WILL COMPUTE A SET OF APPROXIMATIONS TO THE —, 
DERIVATIVE OF ANY FUNCTION FCX) WHICH YOU GIVE IT FOR 

ANY VALUE YOU ASSIGN TO THE INDEPENDENT VARIABLE Xs PROVIDED 

THE FUNCTION HAS A DERIVATIVE FOR THAT X- 


FOR EACH X YOU WILL GET AS OUTPUT THE VALUES OF X AND 
F(X), AS WELL AS A SET OF APPROXIMATIONS TO F'CX) FOR 
H = e lee lace Dls~eGl54eDGBl1s--GG15-0GGB1s—--8OG1.- 





% 
WHAT IS X? 
20 
H APPROXIMATION TO F'¢X) 

lE-1 1.8517 
-1E-1 ©951624 

lE-2 1.865 
-~lE-2 994993 

1E-3 1.0004 
-1E-3 999451 

lE-4 998974 
-~lE-4 998974 
xXx = 


WHAT IS X? 
eA 
H APPROXIMATION TO F*"(¢X) 
1E-1 2285884 
-1E-1 2258678 
LE-2 2e73184 
-1lE-2 2e T8471 
1E-3 2e71892 
-1E-3 2e71782 
1E-4 2072274 
~1E-4 2e7132 
X= 1 Y= 2.71828 
WHAT IS X? 
? 


24 


A listing of the program /DERIVTIV/. 


4 PRINT'THIS PROGRAM WILL COMPUTE A SET OF APPROXIMATIONS TO THE" 
6 PRINT "DERIVATIVE OF ANY FUNCTION FCX) WHICH YOU GIVE IT FOR" 
8 PRINT “ANY VALUE YOU ASSIGN TO THE INDEPENDENT VARIABLE X, PROVIDED" 


PRINT" THE FUNCTION HAS A DERIVATIVE FOR THAT xX." 

PRINT 

PRINT"FOR EACH X YOU WILL GET AS OUTPUT THE VALUES OF X AND" 
PRINT'FC(X), AS WELL AS A SET OF APPROXIMATIONS TO F*'(X) FOR" 
PRINT "HH = else lee D1s-e-G15-BO15—-2-OG15-¢090815--80G1." 

PRINT 

PRINT 

PRINT 


PRINT'WHAT IS x?" 


INPUT X 

PRINT 

PRINT " H APPROXIMATION TO F'(x)" 
FOR N=1 TO 4 

LET H=18t (-N) 

LE: G 
LET I 
LET A 
LET X 
LET Y= Epes 

IF I=1 GOTO 204 
LET I=I+1 

LET D1=Y 

LET X=A 

GOTO 1808 

LET D2=Y 

LET D=(D1-D2)/H 
PRINT H,sD 

LET C=C+1 

IF C=2 GOTO 276 
LET H=(-H) 

GOTO 47 
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VI. THE FUNDAMENTAL THEOREM OF INTEGRAL CALCULUS 


A modification of /INTEGRATE/ can be used to "numerically 
verify" The Fundamental Theorem of Integral Calculus; i.e., Sw 
b 


4 f (x)dx=F (b)-F(a) where F(x) is a primitive of f(x). 


Pad 


For example, 
2 =o = Po 
Nv sin (x)dx=|-cos (14 )| [-cos (0) | 
can be verified by calculating a sequence of approximations 
to ae sin(x)dx and comparing the suspected limit of the ® 


sequence to [-cos (1, )]- [-cos (0) | =1. 


The following program, /FUNDTHEQ/, uses the trapezoid S 
method to compute approximations to bs f(x)dx for a given 
function f(x) over a specified interval [a, b] for hn trap- 
ezoids, and compares the approximation to g(b)-g(a) where 
g(x) is a primitive of f(x). 


After you have loaded the program, modify lines 100 and 
200 as follows: 

Line 100 should contain the function to be integrated, 
Y=F (X) in the form: 

100 LET Y=F (X) 
Line 200 should contain any primitive Z=G(X) of Y=F (X) 
in the form: 

200 LET Z=G(X) 


For example, if the integral is [, cos (x)dx, then line 
100 should be: 
100 LET Y=COS (X) 
and line 200 could be: | 
200 LET Z=SIN(X)+1 6 
since SIN(X)+l is a primitive of COS(X).. 





og 
After you have supplied lines 100 and 200 you can execute 
the program by typing 
RUN 
ae 4 
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After the program has printed an approximation to 
J, f(x)dx and G(B)-G(A) it will print 
TYPE THE CODE 
To use a different number of approximating trapezoids on 
the interval [a, b] type 30; to get a new interval by chang- 
ing the values of a and b, type 20; to stop the program 
type 300. 


Problem 20: Use /FUNDTHEO/ to approximate | P-x?ax and to 
0 


2 

Problem 21: Use /FUNDTHEO/ to approximate 0 cos” (x) dx 
on ap ee ee TT ‘ 2 
and to verify that h cos? (x) dx= >t Sin (x) cos (x) _y 


Be ss seamen ) 
Problem 22: Use /FUNDTHEO/ to verify /, ue NX 


Problem 23: Use /FUNDTHEO/ to verify 
3X 4 


A a e?*dx= 5 -6 
° J2 2 


| 3 
B. fy log, (x) dx=| x (log_x)-x 
2 
2 


e. f sec? (x) dxe| tan (x)-2| 1 
4 + 


1 
2 es ¥1+cos (x) ten 27F tein 


1 
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A sample run of the program /FUNDTHEO/. 


RUN 

THIS PROGRAM COMPUTES APPROXIMATIONS TO THE DEFINITE 

INTEGRAL OF THE FUNCTION Y=FCX) WHICH YOU SUPPLIED ON 

LINE 108s OVER AN INTERVAL (AsB)3 AND COMPARES THE 

APPROXIMATION TO GC(B)-GCA)s», WHERE Z=GCX) IS A 

PRIMITIVE OF FCX)s WHICH YOU SUPPLIED IN LINE 200-4 & 


WHAT IS A? -3-141592 
WHAT 1S B? @ 
HOW MANY SUBINTERVALS ON (A,B)? 280 





INTERVAL (-3-141592 » @ de 2860 TRAPEZOIDS 


APPROXIMATION TO INTEGRAL IS *****-1-999959 **#x*x 


G(B) - GCA) IS -1 - 1 = -2 

TYPE THE CODE? 28 

WHAT IS A? @ | , 

WHAT 1S B? 32141592 
HOW MANY SUBINTERVALS ON (AsB)? 2082 — 


INTERVAL € @ » 3-141592 )-« 2808 TRAPEZOIDS 
APPROXIMATION TO INTEGRAL IS ***** 12999959 *k**** 


GCB) - GCA) IS 1 -_ <—f = 2 


TYPE THE CODE? 290 


WHAT IS A? @ 
WHAT IS B? 16 





HOW MANY SUBINTERVALS ON (A,B)? 280 6 
INTERVAL ( @ » 10 )« 200 TRAPEZOIDS 
. @ 
APPROXIMATION TO INTEGRAL IS **k** 16825092 **#eeX 
G(B) - GCA) 1S 8390715 - -1 = 1.839972 
TYPE THE CODE? 382 
acmeesll™ 
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Alisting of the program /FUNDTHEO/. 


16 PRINT’THIS PROGRAM COMPUTES APPROXIMATIONS TO THE DEFINITE" 
12 PRINT" INTEGRAL OF THE FUNCTION Y=F(X) WHICH YOU SUPPLIED ON" 
14 PRINT"LINE 188, OVER AN INTERVAL (A,B)$ AND COMPARES THE" 
16 PRINT"APPROXIMATION TO G(B)-GCA)s WHERE Z=GC(X) IS A” 
18 PRINT’PRIMITIVE OF F(X)» WHICH YOU SUPPLIED IN LINE 200." 
26 PRINT 

22 PRINT “WHAT IS A'S 

23 INPUT A 

24 PRINT “WHAT IS B's 

25 INPUT B 

26 IF A>=B GOTO 296 

38 PRINT "HOW MANY SUBINTERVALS ON (As,B)"'S3 

31 INPUT N 

32 LET N=INTCABS(N)) 

46 LET S=8 

98 LET W=(€B-A)/N 

68 FOR X=A TO B STEP W 
100 LET Y=SINCX) 
195 IF X=B GOTO 125 
118 IF X=A GOTO 125 
115 LET S=S+€2x*y) 
126 GOTO 1304 
125 LET S=S+y 
130 NEXT X 
(135 LET T=(€(CB-A)/C2*N))*S 

138 PRINT 

148 PRINT "INTERVAL ("3 AS"s"3 BS") e"SN3 "TRAPEZOIDS" 

142 PRINT 

144 PRINT"APPROXIMATION TO INTEGRAL 1S ***«''3 T3 "KE" 
146 PRINT | 7 

195 LET L=@6 

197 LET X=A 
266 LET Z=-1*COSCX) 
265 IF L=1 GOTO 25¢ 
210 LET L=L+1 
215 LET C=Z 
228 LET X=B 
225 GOTO 206 

256 LET D=Z 

255 LET R=D-C 

266 PRINT “GCB) - GCA) IS "SDS" -= “SCS = WER 

265 PRINT 

278 PRINT 

275 PRINT'TYPE THE CODE's 

276 INPUT E 

289 IF E=28 GOTO 2a 

285 IF E=39 GOTO 34 

290 IF E=392 GOTO 33¢ 

292 PRINT “*THE CODE MUST BE 285,33, OR 330." 

294 GOTO 275 . 

296 PRINT "A MUST BE LESS THAN Be" 

298 GOTO 22 

388 END 
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VIL. SKETCHING GRAPHS OF FUNCTIONS 


Constructing the Graph of a Function 


In this section we are concerned with methods for 
sketching graphs of functions. One approach to sketching 
a graph of the function y = f(x) is to select various values 
for x, to calculate the corresponding values for y by sub- 
stituting values of x into the function f(x), and to plot the 
set of ordered pairs of numbers { (x, f (x))} on rectangular 
coordinate paper, using an appropriate scale for the x and 
y axes. When enough ordered pairs have been calculated and 
plotted to enable you to predict the shape of the graph with 
reasonable accuracy, the points can be connected by smooth 
lines (not necessarily straight lines) to obtain a graph of 
the function y = f(x). If the graph has been precisely con- 
structed, it is possible to obtain much information about 


the function by studying the graph. 


When analyzing a function, one should consider the be- 


havior of the function relative to any open or closed interval 


in the domain of the function with respect to the following 
mathematical concepts: 


(1) Is the function increasing or decreasing? 
(2) Is the function one-to-one? 
(3) Is the function onto? 
(4) Does the function have an inverse function? 
(5) Does the function have any real zeros (roots)? 
(6) Is the function strictly increasing or strictly 
decreasing? 
(7) Is the function constant? 
(8) Does the function have maximum or minimum values? 
(9) Does the function have relative maximum or relative 
minimum values? 
(10) Is the function concave upward or concave downward? 
(11) Are there any real numbers for which the function 
is undefined? 
(12) Are there any real numbers for which the function 
is discontinuous? 
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(13) Are there any real numbers for which the function 
does not have a derivative? 


(14) What is the range of the function? 
(15) What is the domain of the function? 
Check your sources of information (books, other students, 


teachers, etc.) to make certain that you understand each math- 


ematical term that is underlined. 


Problem 24: Write computer programs which will accept as input 
numerical values of x and give as output values of f(x) for 
each of the following functions. Use your program to obtain 
enough points on the graph of each function so that you can 
plot an accurate graph of the function. 


A. f(x) x7-3x+2 


B. £(x) = -x?+3x-2 
C. £(x) = cos(x) 
D. £(x) = 2cos(x) 
E. £(x) = cos(2x) 
F. £(x) = log x 


G. £(x) = sin (=) 5 x40 
0 if x=0 
H. £(x) = x(sin(x) ) 
x 


I. f(x) = — 
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This module is a guessing game. The program called 
/GRAPH1/ contains five different functions of x. For any 
of the functions and for any real value of x which you 
select, the program will give as output: 


(1) that value of x, 

(2) the value of the function, 

(3) the value of the derivative of the function, 

(4) the value of the second derivative of the function. 


Your job is to select as many of these functions as 
you want, sketch graphs of the functions and their first 
and second derivative functions, and try to guess what the 
functions are and what the derivative functions are. To 
sketch the graphs you will have to make shrewd selections 
for your values of x in order to get points which will assist 


you in obtaining accurate graphs. 


You should try to find maximum and minimum points on the 
graphs, points where the functions are discontinuous or unde- 
fined, intervals where the functions are either increasing or 
decreasing, intervals where the functions are either concave 
upward or downward and points where the graphs cross the x 


and y axes. 


After you have loaded the program /GRAPH1/ and typed: 
RUN 
you will get the message 


NOW TYPE THE CODE NUMBER OF THE FUNCTION 


THAT YOU WANT TO WORK WITH. 
? 


The code numbers of the functions are 100, 200, 300, 
400, and 500; so you can select a function by typing any 
one of these numbers following the question mark. After 
you have selected a function you will be asked to type a 


value of x. When you supply the value of x you will ob- 
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tain as output that value of x, together with the values 
of the function and its first and second derivatives. The 
message: - 

TYPE A VALUE FOR X 
will be repeated five times, then you will have the option 
of getting values of the function and its derivatives for 
five more values of x or of going on to another function. 


A sample output from this program is shown on the next 
page. 


A sample run of the program /GRAPHI/. 





NOW TYPE THE CODE NUMBER OF THE FUNCTION 

THAT YOU WANT TO WORK WITH- 

2 1900 

TYPE A VALUE FOR Xe 

4 =f 

X= -2 Y= ADI= -4 D2= 2 

TYPE A VALUE FOR X- | 

? -1 Ri 
X¥=-1 Y= 1D12+-2 pD2= 2 | 
TYPE A VALUE FOR Xe 

20 

X= @ Y= B@DI= B@ D2= 2 

TYPE A VALUE FOR Xe 

21 

X= 1 Y= 1Di= 2 pdD2= 2 

TYPE A VALUE FOR Xe 

22 

X= 2 Y= ADI = 4 D2=S= 2B 


IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION, 

TYPE STOP’ FOR MORE INFORMATION, TYPE GO- 

? STOP 

TO OBTAIN ACCESS TO ANOTHER FUNCTION, TYPE ITS CODE 

NUMBER» 1905 200» 300s 400,0R 59%- TO STOP THE | 
PROGRAM» HIT CTRL/C.- J 
NOW TYPE THE CODE NUMBER OF THE FUNCTION sw 
THAT YOU WANT TO WORK WITH- 

? 400 

TYPE A VALUE FOR Xe 

7-5 

X= -5 Y= 958924 Dt 
TYPE A VALUE FOR X- 

7-2 

X= -2 Y = -.999298 D1 
TYPE A VALUE FOR Xe 

20 

X= @ Y= @ Diz= 1 D2= B 
TYPE A VALUE FOR Xe 


°283662 D2 - 958924 


-°416147 D2 = «3999298 





21 & 
X= 1 Y= 6841471 Di = 540302 D2 = --841471 
TYPE A VALUE FOR Xe 


~) 
font 
fac 
® 


X= 16 Y = -e544021 Di = --8399072 DA = +¢544G21 

IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION, 

TYPE STOPs IF YOU WANT MORE INFORMATIONs TYPE GO- 

? STOP 

TO OBTAIN ACCESS TO ANOTHER FUNCTIONs TYPE ITS CODE 

NUMBERs 19% 2095 3905 49020R 540- TO STOP THE 

PROGRAMs HIT CTRL/Ce 

NOW TYPE THE CODE NUMBER OF THE FUNCTION ail. 


aa YOU WANT TO WORK WITH. — 
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listing of the program /GRAPH1/. 


34 PRINT " " 


36 PRINT"NOW TYPE THE CODE NUMBER OF THE FUNCTION" 


38 PRINT "THAT YOU WANT TO WORK WITH." 


INPUT C ee 

IF C= 1008 GOTO 100 
IF C= 200 GOTO 269 
IF C= 380 GOTO 300 
IF C= 4800 GOTO 400 
IF C= 500 GOTO 500 


36 PRINT "YOU MUST TYPE 10052005300;4005 OR 5@@G.-" 


PRINT “TRY AGAIN." 
GOTO 44 
END 


LET N=@2 : 

PRINT "TYPE A VALUE FOR X." 

INPUT X 

LET Y=X*xX 

LET D1l=2*X 

LET De=2 

PRINT "X = “SX35" Y = "SY3"D1l = “"spls" pe = "sno 
LET N=N+1l 

IF N=5 GOTO 150 

GOTO 102 


PRINT “IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION," 


PRINT'TYPE STOPs FOR MORE INFORMATIONs TYPE GO." 
INPUT TS$ 

IF TS="GO"" GOTO 10@ 

IF TS=""STOP" GOTO 68¢0 

PRINT "YOU MUST TYPE STOP OR GO- TRY AGAIN." 
GOTO 165 

LET N=@ : 

PRINT “TYPE A VALUE FOR X." 

INPUT X 

LET Y=X*(X-4) 

LET D1l=2*( X-2) 

LET De=e2 

PRINT "“X = "3X3" Y = "Sys" Dl = "3DI3s" pe = "spe 
LET N=N+1 

IF N=4 GOTO 2504 

GOTO 262 3 


PRINT "IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION.” 
TYPE GO" 


PRINT “TYPE STOP. IF YOU WANT MORE INFORMATION, 
INPUT TS$ 

IF TS="GO" GOTO 200 

IF TS=""STOP" GOTO 68090 

PRINT "YOU MUST TYPE GO OR STOP. TRY AGAIN." 
GOTO 260 

LET N=0 

PRINT "TYPE A VALUE FOR xX." 

INPUT X 

LET Y=EXPC(X) 

LET D1=Y 

LET D2=Y 

PRINT "X = "3X35" Y = "3y¥s5" Dl = "$D13" D2 = "spe 


A listing of the program /GRAPH1/ (continued) 


=o 
568 
57@ 
975 
582 


LET N=N+1 

IF N=5 GOTO 350 

GOTO 302 

PRINT “IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION," 
PRINT'TYPE STOPs IF YOU WANT MORE INFORMATIONs TYPE GO-" 
INPUT TS 

IF TS=""GO" GOTO 308 

IF TS$="STOP** GOTO 600 

PRINT "YOU MUST TYPE GO OR STOPe TRY AGAIN.” 

GOTO 366 

LET N=@ 

PRINT "TYPE A VALUE FOR X-" 

INPUT X 

LET Y = SINCX) 

LET D1=COSCX) 

LET De = -1*SINCX) 

PRINT "X = "sXs" Y = "$Y¥35" D1 = "sD13" De = "sDe 

LET N=N+1 

IF N=5 GOTO 450 

GOTO 402 

PRINT "IF YOU HAVE ENOUGH INFORMATINN ABOUT THIS FUNCTION," 
PRINT “TYPE STOPs IF YOU WANT MORE INFORMATIONs TYPE GO-" 
INPUT TS 

IF TS=""GO" GOTO 400 

IF TS="STOP" GOTO 600 

PRINT “YOU MUST TYPE STOP OR GO- TRY AGAIN." 


GOTO 466 

LET N=0 

PRINT “TYPE A VALUE FOR X-" 
INPUT X 

LET Y=X*x(X*X-X+1) 


LET D1l=X*(C3*X-2)+1 
LET D2@=6*X-2 


PRINT "X = "“sxXs" Y = "ss" D1 = "“sD1is*"* De = “"sD2 

LET N=N+1 

IF N=5 GOTO 55@ 

GOTO 5@e —— 

PRINT "IF YOU HAVE ENOUGH INFORMATION ABOUT THIS FUNCTION»” 


PRINT “TYPE STOPS IF YOU WANT MORE INFORMATION», TYPE GO-" 
INPUT TS 

IF TS$="GO" GOTO 50@ 

IF TS="STOP*" GOTO 600 

PRINT'YOU MUST TYPE STOP OR GO- TRY AGAIN." 


2585 GOTO 560 


600 
605 
610 
65@ 
651 


PRINT "TO OBTAIN ACCESS TO ANOTHER FUNCTIONs TYPE ITS CODE" 
PRINT "NUMBER»s 10665 2005 3005 400,0R S@O- TO STOP THE" 
PRINT'SPROGRAMs HIT CTRL/C.-" 

GOTO 36 

END 
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This module called /GRAPH2/ is a modification of /GRAPH1/. 
It is.a game for guessing functions; however your guesses must 
be based upon less information than is given as output from 
/GRAPH1/. The program /GRAPH2/ contains the first and second 
derivative functions for six different functions of x. For 
any of these six functions and for any real value of x which 
you select, the program will give you for output: 

(1) the value of x which you selected, 

(2) the value of the derivative of the function, 

(3) the value of the second derivative of the function. 

Your problem is to select some or all of the six functions, 
to get as much information about the first and second derivatives 
of the functions as you need in order to sketch accurate graphs 
of the derivative functions, and finally to guess the functions 
whose first and second derivative functions are stored in the 
computer. 


You should review the information concerning the relation- 
ship of a function to its derivative function, and be especially 
concerned with maximum and minimum points, inflection points, 
critical points, and intervals where the function is increas- 


ing or decreasing and concave upward or downward. 


After you have loaded /GRAPH2/ and typed: 
RUN 
you will get the message 


NOW SELECT A FUNCTION BY TYPING ITS CODE 


NUMBER; 100, 200, 300, 400, 500, OR 600. 
? 


You can now select any of the six functions by typing 
its code number following the question mark. After you have 
chosen a function to study, you will be asked to type a value 
for x. After typing a value for x you will be given as output 
that value of x together with corresponding values of the first 
and second derivative functions of the function which you are 


attempting to guess. 
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The message 


TYPE THE VALUE FOR X. 
will be repeated five times, then you will have the option 
of getting values of the derivatives for five more values 
of x or of going on to another function. When you have 
enough information about the functions, hit the escape key. 


A sample output from this program is shown on the next 
page. 
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A sample output of the program /GRAPH2/. 
NOW SELECT A FUNCTION BY TYPING ITS CODE 


NUMBERS 1005200530Gs400259Gs OR 600-6 

? 200 

TYPE THE VALUE OF Xe 

2? -1 

X= -1] Fil = © 367879 F2 = 2.367879 
TYPE THE VALUE OF Xe 

2? @ 

X= 9 Fil = 1 Fes 1 

TYPE THE VALUE OF Xe 

7? 2 

X= 2 Fl = 7-38996 F2 = 74389K6 
TYPE THE VALUE OF Xe 

? 3 

X= 3 Fi = 246-9855 F2 = 26-4855 
TYPE THE VALUE OF Xe 

? -2 

X= -2 Fi = °135335 F2 = © 135335 
TO ASSIGN 5S MORE VALUES TO Xs TYPE GO- 
TO LEAVE THIS FUNCTIONs TYPE STOP. 

? GO 

TYPE THE VALUE OF Xe 

? 1-5 

Xx = 1-5 Fi = 4e48169 FE = 4.48169 
TYPE THE VALUE OF Xe 

? 2 

X= 2 Fl = 7-38996 F2 = 7-38906 
TYPE THE VALUE OF Xe 

? 8 

X= 8 Fl = 2986-96 FE = 2989-96 
TYPE THE VALUE OF Xe 

7-9 

X= -9 FI = e12341E-3 FE = °12341E-3 
TYPE THE VALUE OF Xe 

2? 7 

X= 7 Fil = 1996-63 F2= 1896-63 
TO ASSIGN 5 MORE VALUES TO Xs TYPE GO- 
TO LEAVE THIS FUNCTIONs TYPE STOP. 

? STP 

TYPE EITHER STOP OR GOe TRY AGAIN. 

? STOP 


TO GET ANOTHER FUNCTION 
TO STOP THE PROGRAM HIT 
2? 360 

TYPE A VALUE FOR Xe 

7 =] 


TYPE ITS CODE NUMBER- 
CTRL/C. 


X= -1 Fl = -1 F2 = @ 
TYPE A VALUE FOR Xe 

2 9 

X=» F1 AND F2 DO NOT EXIST. 
TYPE A VALUE FOR Xe 

2 3 

X= 3FI1 = 1 Fe2 = 6 
TYPE A VALUE FOR Xe 

z 5 

X= 5S Fil = 1 FE = Gg 
TYPE A VALUE FOR Xe 

? 8 

X= 8F1 = 1F2= @ 


TO ASSIGN 5 MORE VALUES TO Xs 


TO LEAVE THIS FUNCTION, 
2? 1C 


TYPE GO. 
TYPE STOP. 
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A listing of the program /GRAPH2/. 


PRINT " " . 
PRINT "NOW SELECT A FUNCTION BY TYPING ITS CODE" 
PRINT “NUMBER3 100520053005400,500» OR 600." 


IF C=100 GOTO 180 

IF C=200 GOTO 208 

IF C=308 GOTO 396 

IF C=400 GOTO 436 

IF C=580 GOTO 506 

IF C=600 GOTO 609 

PRINT “YOU MUST TYPE EITHER 1890520053005 4995" 
PRINT "58005 OR 600+ TRY AGAIN" 


GO TO 52 

LET N= 

PRINT “NOW TYPE A VALUE FOR Xe" 

INPUT X 

LET Fi=e 

LET F2=4 

PRINT "X = “SXK3S"F1 = "SF15" FQ = "$FO 

LET N=N+1 

IF N=5 GOTO 156 

GOTO 165 

PRINT “TO ASSIGN 5S MORE VALUES TO Xs TYPE GO-"™ 
PRINT “TO GET ANOTHER FUNCTION OF Xs TYPE STOP.” 
INPUT TS 

IF TS$="GO" GOTO 106 

IF TS="STOP™ GOTO 749 

PRINT "YOU MUST TYPE STOP OR GOe TRY AGAIN." 
GOTO 166 

LET N=9 

PRINT "TYPE THE VALUE OF Xe" 

INPUT X 

LET FI=EXPCX) 

LET Fe=F1 

PRINT "X = "3X3" Fil = "SF15" FQ = "$F 
LET N=N+1 

IF N=5 GOTO 254 

GOTO 285 

PRINT “TO ASSIGN S MORE VALUES TO Xs TYPE GO-™ 
PRINT "TO LEAVE THIS FUNCTIONs TYPE STOP.” 
INPUT TS 

IF TS="GO" GOTO 280 

IF TS="STOP* GOTO 794 

PRINT “TYPE EITHER STOP OR GOe TRY AGAIN-"™ 
GOTO 269 

LET N=@ | 

PRINT “TYPE A VALUE FOR Xe" 

INPUT X 

IF X=@ GOTO 385 

IF X<@ GOTO 326 

IF x>@ GOTO 328 

LET Fl=-1 

GOTO 330 

LET Fl=1 

LET F2=0 

PRINT "X = “$X3"F1 = "SF1IS"F2 = “3FO 

LET N=N+1 

IF N=5 GOTO 3690 
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A listing of the program /GRAPH2/ (continued) 


GOTQ 345 

PRINT “TO ASSIGN 5S MORE VALUES TO Xs TYPE GO-e-" 
PRINT “TO LEAVE THIS FUNCTIONs TYPE STOP." 
INPUT TS$ 

IF TS="GO" GOTO 3990 

IF TS="STOP™ GOTO 739 

PRINT “TYPE EITHER GO OR STOPe TRY AGAIN-"™ 
GOTO 370 

PRINT “X=@s F1 AND F2 DO NOT EXIST-™ 

GOTO 346 

LET N=@ 

PRINT “TYPE A VALUE FOR Xe" 

INPUT X 

LET F2=-1*COSCX) 

PRINT “*X = “SX*F1] = “SFis"FQ = “$F 

LET N=N+1 

IF N=5 GOTO 454 

GOTO 465 — 

PRINT "TO GIVE X FIVE MORE VALUES» TYPE GO." 
PRINT “TO GET ANOTHER FUNCTIONs TYPE STOP." 
INPUT TS 

IF TS$="GO" GOTO 4406 

IF TS="STOP* GOTO 73a 

PRINT “TYPE STOP OR GOe TRY AGAIN-" 

GOTO 466 

LET N=9 

PRINT “TYPE A VALUE FOR Xe" 

INPUT .X 

LET F1l=3*X*xX 

LET F2=6*xX 

PRINT "X = "SX3S"F1 = "SF1I3"FOR = "3FoO 

LET N=N+1 

IF N=5 GOTO 55a 

GOTO 5905 

PRINT “TO GIVE X MORE VALUES» TYPE GO." 


PRINT “TO GO TO A DIFFERENT FUNCTION, TYPE STOP.* 


INPUT TS 


IF TS="GO" GOTO 50a 

IF TS="STOP™ GOTO 740 

PRINT “TYPE EITHER STOP OR GOe TRY AGAIN." 
GOTO 569 

LET N=9 

PRINT “TYPE A VALUE FOR Xe" 

INPUT X 


LET F1=X*(€X-3)+2 

LET Fe=2*X-3 

PRINT “X = “$X3"F1 = "SFI3S"FQ = "s3Fo 

LET N=N+1 

IF N=5 GOTO 65¢ 

GOTO 665 

PRINT “TO GIVE MORE VALUES TO Xs TYPE GO." 
PRINT “TO GO TO ANOTHER FUNCTIONs TYPE STOP.” 
INPUT 1S 

IF TS="GO" GOTO 600 

IF TS$="STOP" GOTO 73 

PRINT “YOU MUST TYPE GO OR STOPe TRY AGAIN-” 
GOT066G 


PRINT “TO GET ANOTHER FUNCTION TYPE ITS CODE NUMBER.” 


PRINT “TO STOP THE PROGRAM HIT CTRL/C.”™ 
GOTO 52 
END 


41 





(% 





C ) 


§ 


Ce 


oe & 


é ae 








sS 











re 


2. Satta l 


DIGITAL EQUIPMENT CORPORATION dj ilgli|tlal! WORLDWIDE SALES AND SERVICE 


146 Main Street, Maynard, Massachusetts, U.S.A. 01 


NORTHEAST 

REGIONAL OFFICE: 

275 Wyman Street, Waltham, Massachusetts 02154 
Telephone: (617)-890-0320/0330 TWX: 710-324-6919 
WALTHAM 

15 Lunda Street, Waltham, Massachusetts 02154 
Telephone: (617)-891-1030 | TWX: 710-324-6919 


CAMBRIDGE/BOSTON 

899 Main Street, Cambridge, Massachusetts 02139 
Telephone: (617)-491-6130 TWX: 710-320-1167 
ROCHESTER 

130 Allens Creek Road, Rochester, New York 14618 
Telephone: (716)-461-1700 TWX: 710-253-3078 
SYRACUSE 

5858 East Molloy Road, Rm. 142, Picard Building 
Syracuse, New York 13211 

Telephone: (315)-455-5987/88 


CONNECTICUT 
240 Pomeroy Avenue, Meriden, Connecticut 06450 
Telephone: (203)-237-8441/7466 | TWX: 710-461-0054 


MID-ATLANTIC — SOUTHEAST 
REGIONAL OFFICE: 

U.S. Route 1, Princeton, New Jersey 08540 
Telephone: (609)-452-2940 TWX: 510-685-2338 
MANHATTAN 

810 7th Ave. 

New York, N.Y. 10019 

Telephone: (212)-582-1300 

NEW YORK 

95 Cedar Lane, Englewood, New Jersey 07631 
Telephone: (201)-871-4984, (212)-594-6955, (212)-736-0447 
TWX: 710-991-9721 

NEW JERSEY 

1259 Route 46, Parsippany, New Jersey 07054 
Telephone: (201)-335-3300 TWX: 710-987-8319 
PRINCETON 

U.S. Route 1 

Princeton, New Jersey 08540 

Telephone: (609) 452-2940 TWX: 510-685-2338 
METUCHEN 

195 Main St. 

Metuchen, N.J. 08840 

Telephone: (201)-549-4100/2000 


EUROPEAN HEADQUARTERS 

Digital Equipment Corporation International Europe 
81 Route de |'Aire 

1211 Geneva 26, Switzerland 

Telephone: 42 79 50 Telex: 22 683 


FRANCE 

Equipment Digital S.A.R.L. 

PARIS 

327 Rue de Charenton, 75 Paris 12 ©“, France 

. Telephone: 344-76-07 Telex: 21339 

GRENOBLE 

10 rue Auguste Ravier, F-38 Grenoble, France 
Telephone: (76) 87 56 01/02 Telex: 32 882 F (Code 212) 


GERMAN FEDERAL REPUBLIC 
Digital Equipment GmbH 

MUNICH 

8 Muenchen 13, Wallensteinplatz 2 
Telephone: 0811-35031 Telex: 524-226 
COLOGNE é 

5 Koein 41, Aachener Strasse 311 
Telephone: 0221-40 44 95 Telex: 888-2269 
Telegram: Flip Chip Koeln 

FRANKFURT 

6078 Neu-lsenburg 2 

Am Forsthaus Gravenbruch 5-7 
Telephone: 06102-5526 Telex: 41-76-82 
HANNOVER - 

3 Hannover, Podbielskistrasse 102 
Telephone: 0511-69-70-95 Telex: 922-952 
STUTTGART 

D-7301 Kemnat 

Marco-Polo-Strasse 1 


Telephone: (0711) 25 40 07 Telex: 725-3404 


AUSTRIA 

Digital Equipment Corporation Ges.m.b.H. 
VIENNA 

Mariahilferstrasse 136, 1150 Vienna 15, Austria 
Telephone: 85 51 86 


UNITED KINGDOM 

Digital Equipment Co., Ltd. 

U:K. HEADQUARTERS 

Arkwright Road, Reading, Berks. 

Telephone: 0734-583555 Telex: 84327 
READING 

The Evening Post Building, Tessa Road 
Reading, Berks. 

Fountain House 

Butts Centre 

Reading, RG1 7QN 

Telephone: Reading 583555 

Telex: 84328 

BIRMINGHAM 

29/31, Birmingham Road, Sutton Coldfield, Warwicks. 
Telephone: (0044) 21-355 5501 Telex: 337 060 
MANCHESTER 

6 Upper Precinct, Worsley, Manchester M28 AZ 
Telephone: 061-790-8411 Telex: 668666 
LONDON 

Bilton House, Uxbridge Road, Ealing, London W.5. 
Telephone: 01-579-2334 Telex: 22371 
EDINBURGH 

Shiel House, Craigshill, Livingston, 

West Lothian, Scotland 

Telephone: 32705 Telex: 727113 


MAIN OFFICE AND PLANT 


TWX: 710-347-0212 Cable: 


DIGITAL MAYN Telex: 94-8457 


UNITED STATES 


MID-ATLANTIC — SOUTHEAST (cont.) 

LONG ISLAND 

1 Huntington Quadrangle 

Suite 1SO7 Huntington Station, New York 11746 
Telephone: (516)-694-4131, (212)-895-8095 
PHILADELPHIA 

Station Square Three, Paoli, Pennsylvania 19301 
Telephone: (215)-647-4900/4410 Telex: 510-668-8395 
WASHINGTON 

Executive Building 

6811 Kenilworth Ave., Riverdale, Maryland 20840 
Telephone: (301)-779-1600/ 752-8797 TWX: 710-826-9662 
DURHAM/CHAPEL HILL 
Executive Park 

3700 Chapel Hill Blvd. 
Durham, North Carolina 27707 
Telephone: (919)-489-3347 TWX: 510-927-0912 
ORLANDO . ape 

Suite 130, 7001 Lake Ellenor Drive, Orlando, Florida 32809 
Telephone: (305)-851-4450 TWX: 810-850-0180 
ATLANTA 

2815 Clearview Place, Suite 100, 

Atlanta, Georgia 30340 

Telephone: (404)-458-3133/3134/3135 TWX: 810-757-4223 
KNOXVILLE 

6311 Kingston Pike, Suite 21E 

Knoxville, Tennessee 37919 
Telephone: (615)-588-6571 


CENTRAL 

REGIONAL OFFICE: 

1850 Frontage Road, Northbrook, Illinois 60062 
Telephone: (312)-498-2500 TWX: 910-686-0655 
PITTSBURGH 

400 Penn. Center Boulevard 

Pittsburgh, Pennsylvania 15235 

Telephone: (412)-243-9404 TWX: 710-797-3657 
CHICAGO 

1850 Frontage Road, Northbrook, Illinois 60062 
Telephone: (312)-498-2500 TWX: 910-686-0655 
ANN ARBOR 

230 Huron View Boulevard, Ann Arbor, Michigan 48103 
Telephone: (313)-761-1150 | TWX: 810-223-6053 
DETROIT 

23777 Greenfield Road, Suite 189 

Southfield, Michigan 48075 

Telephone: (313)-559-6565 


TWX: 810-583-0123 


CENTRAL (cont.) 
INDIANAPOLIS 

21 Beachway Drive — Suite G 
Indianapolis, Indiana 46224 
Telephone: (317)-243-8341 
MINNEAPOLIS 

Suite 111, 8030 Cedar Avenue South, 

Minneapolis, Minnesota 55420 

Telephone: (612)-854-6562-3-4-5 TWX: 910-576-2818 
CLEVELAND 

25000 Euclid Ave. 

Euclid, Ohio 44117 

Telephone: (216)-946-8484 | TWX: 810-427-2608 
KANSAS CITY . 
532 East 42nd St., Independence, Missouri 64055 
Telephone: (816)-461-3440 TWX: 816-461-3100 

ST. LOUIS 

Suite 110, 115 Progress Parkway, Maryland Heights, 
Missouri 63043 
Telephone: (314)-878-4310 
DAYTON 

3101 Kettering Boulevard, Dayton, Ohio 45439 
Telephone: (513)-294-3323 TWX: 810-459-1676 
MILWAUKEE 

8531 W. Capitol Drive, Milwaukee, Wisconsin 53222 
Telephone: (414)-463-9110 | TWX: 910-262-1199 
DALLAS 

8855 North Stemmons Freeway, Dallas, Texas 75247 
Telephone: (214)-638-4880 TWX: 910-861-4000 
HOUSTON 

3417 Milam Street, Suite A, Houston, Texas 77002 
Telephone: (713)-524-2961 TWX: 910-881-1651 
NEW ORLEANS 

3100 Ridgelake Drive, Suite 108 

Metairie, Louisiana 70002 

Telephone: (504)-837-0257 

ROCKFORD 

500 South Wyma St. 

Rockford, Illinois 61101 

Telephone: (815)-965-5557 

TULSA 

3140 S. Winston 

Winston Sq. Bldg. 

Suite 4 

Tulsa, Oklahoma 74135 

Telephone: (918)-749-4476 


TWX: 810-341-3436 


TWX: 910-764-0831 


INTERNATIONAL 
NETHERLANDS CANADA (cont.) 
Digital Equipment N.V. OTTAWA 
THE HAGUE P.O. Box 11250 
Sir Winston Churchilliaan 370 Ottawa, Ontario 
Rijswijk/The Hague, Netherlands K2H 7T9 
Telephone: 070-995-160 Telex: 32533 Telephone: (613)-592-5120 TWX: 610-562-8907 
L TORONTO 
aus saad NV./S.A 230 Lakeshore Road East, Port Credit, Ontario 
BRUSSELS Telephone: (416)-274-1241 TWX: 610-492-4306 


108 Rue D'Arlon 
1040 Brussels, Belgium 
Telephone: 02-139256 Telex: 25297 


SWEDEN 

Digital Equipment AB 

STOCKHOLM 

Englundavagen 7, 171 41 Solna, Sweden 
Telephone: 98 13 90 Telex: 170 50 
Cable: Digital Stockholm 


NORWAY 

Digital Equipment Corp. A/S 

OSLO 

Trondheimsveien 47 

Oslo 5, Norway 

Telephone: 02/68 34 40 Telex: 19079 DEC N 


DENMARK 

Digital Equipment Aktiebolag 
COPENHAGEN 

Hellerupveg 66 

2900 Hellerup, Denmark 


FINLAND 

Digital Equipment AB 
HELSINKI 
Tiitismaantie 6 
SF-00710 Helsinki 71 
Telephone: (090) 370133 
Cable: Digital Helsinki 


SWITZERLAND 

Digital Equipment Corporation S.A. 
GENEVA 

81 Route de I'Aire 

1211 Geneva 26, Switzerland 
Telephone: 42 79 50 Telex: 22 683 
ZURICH 

Scheuchzerstrasse 21 

CH-8006 Zurich, Switzerland 
Telephone: 01/60 35 66 Telex: 56059 


ITALY 

Digital Equipment S.p.A. 

MILAN 

Corso Garibaldi 49, 20121 Milano, Italy 
Telephone: 872 748 694 394 Telex: 33615 


SPAIN 

Digital Equipment Corporation Ltd. — 

MADRID 

Ataio Ingenieros S.A., Enrigue Larreta 12, Madrid 16 
Telephone: 215 35 43 Telex: 27249 

BARCELONA 

Ataio Ingenieros S.A., Ganduxer 76, Barcelona 6 


Telephone: 221 44 66 


CANADA 

Digital Equipment of Canada, Ltd. 
CANADIAN HEADQUARTERS 
P.O. Box 11500 

Ottawa, Ontario, Canada 

K2H 8K8 


Telephone: (613)-592-5111 TWX: 610-562-8732 


MONTREAL 

9675 Cote de Liesse Road 

Dorval, Quebec, Canada 760 

Telephone: (514)-636-9393 TWX: 610-422-4124 
CALGARY /Edmonton 

Suite 140, 6940 Fisher Road S.E. 

Calgary, Alberta, Canada 
Telephone: (403)-435-4881 
VANCOUVER 

2210 West 12th Avenue 
Vancouver 9, British Columbia, Canada 
Telephone: (604)-736-5616 TWX: 610-929-2006 


TWX: 403-255-7408 


GENERAL INTERNATIONAL SALES 
REGIONAL OFFICE 
146 Main Street, Maynard Massachusetts 01754 
Telephone: (617)-897-5111 
From Metropolitan Boston 646-8600 
TWX: 710-347-0217/0212 
Cable: DIGITAL MAYN 
Telex: 94-8457 


AUSTRALIA 

Digital Equipment Australia Pty. Ltd. 
SYDNEY 

P.O. Box 491, Crows Nest 

N.S.W. Australia 3065 

Telephone: 439-2566 Telex: AA20740 
Cable: Digital, Sydney 

MELBOURNE 

60 Park Street, South Melbourne, Victoria, 3205 
Telephone: 699-2888 Telex: AA40616 
PERTH 

643 Murray Street 

West Perth, Western Australia 6005 
Telephone: 21-4993 Telex: AA92140 
BRISBANE 

139 Merivale Street, South Brisbane 
Queensland, Australia 4101 
Telephone: 44-4047 Telex: AA40616 
ADELAIDE 

6 Montrose Avenue 

Norwood, South Australia 5067 
Telephone: 63-1339 Telex: AA82825 


NEW ZEALAND 

Digital Equipment Corporation Ltd. 
AUCKLAND 

Hilton House, 430 Queen Street, Box 2471 
Auckland, New Zealand 

Telephone: 75533 


JAPAN 

Digital Equipment Corporation International 
TOKYO 

Kowa Building No. 17, Second Floor 

2-7 Nishi-Azabu 1-Chome 

Minato-Ku, Tokyo, Japan 

Telephone: 404-5894/6 Telex: TK-6428 


rw - 


754 * Telephone: From Metropolitan Boston: 646-8600 « Elsewhere: (617)-897-5111 


WEST 

REGIONAL OFFICE: 

310 Soquel Way, Sunnyvale, California 94086 
Telephone: (408)-735-9200 

SANTA ANA 

2110 S. Anne St. 

Santa Ana, Calif. 92704 

Telephone: (714)-979-2460 : 

F.S. 714-979-2464 TWX 910-391-1189 

WEST LOS ANGELES 

1510 Cotner Avenue, Los Angeles, California 90025 
Telephone: (213)-479-3791/4318 | TWX: 910-342-6999 


SAN DIEGO 

6154 Mission Gorge Road, Suite 110 

San Diego, California 92120 

Telephone: (714)-280-7880, 7970 | TWX: 910-335-1230 
SAN FRANCISCO 

1400 Terra Bella, Mountain View, California 94040 
Telephone: (415)-964-6200 TWX: 910-373-1266 


OAKLAND 
7850 Edgewater Drive, Oakland, California 94621 
Telephone: (415) 635-5453/7830 TWX: 910-366-7238 


ALBUQUERQUE 


6303 Indian School Road, N.E., Albuquerque, N.M. 87110 


Telephone: (505)-296-5411/5428 TWX: 910-989-0614 


DENVER 

2305 South Colorado Boulevard, Suite #5 
Denver, Colorado 

Telephone: (303)-757-3332/758-1656 / 758-1659 
TWX: 910-931-2650 


SEATTLE 
1521 130th N.E., Bellevue, Washington 98005 
Telephone: (206)-454-4058/455-5404_ TWX: 910-443-2306 


SALT LAKE CITY 
431 South 3rd East, Salt Lake City, Utah 84111 
Telephone: (801)-328-9838 TWX: 910-925-5834 


PHOENIX 
4358 East Broadway Road, Phoenix, Arizona 85040 
Telephone: (602)-268-3488 TWX: 910-950-4691 


PORTLAND 

Suite 168 

5319 S.W. Canyon Court, Portland, Oregon 97221 
Telephone: (503)-297-3761 /3765 


JAPAN (cont.) 

Rikei Trading Co., Ltd. (sales only) 
Kozato-Kaikan Bldg. 

No. 18-14, Nishishimbashi 1-chome 
Minato-Ku, Tokyo, Japan 

Telephone: 5915246 Telex: 781-4208 


PUERTO RICO 

Digital Equipment Corporation de Puerto Rico 
MIRAMAR 

American Airlines Bldg. 

804 Ponce De Leon, Miramar, Puerto Rico 
Telephone: 809-723-8068 /67 Telex: 385-9056 


ARGENTINA 

BUENOS AIRES 

Coasin S.A. 

Virrey del Pino 4071, Buenos Aires 
Telephone: 52-3185 Telex: 012-2284 


BRAZIL 

RIO DE JANEIRO — GB. 
Ambriex S.A. 

Rua Ceara, 104, 2.° e 3.° andares 
Fones: 221-4560/44, 252-9873 
Cable: RAIOCARDIO 

SAO PAULO — SP 

Ambriex S.A. 

Rua Tupi, 535 

Fones: 51-0912; 52-0655; 52-7806 
Cable: RAIOCARDIO 

PORTO ALEGRE — RS 
Ambriex S.A. 

Rua Cel. Vicente, 421, 1.° andar 
Fones: 24-7411; 24-7696 


CHILE 

SANTIAGO 

Coasin Chile Ltda. (sales only) 

Casilla 14588, Correo 15, Santiago 
Telephone: 396713 Cable: COACHIL 


INDIA 


BOMBAY 

Hinditron Computers Pvt. Ltd. 

69/A, L. Jagmohandas Marg. 

Bombay-6 (W.B.), India 

Telephone: 38-1615; 36-5344 Telex: 011-2594 Plenty 
Cable: Tekhind 


MEXICO 

MEXICO CITY 

Mexitek, S.A. 

Eugenia 408 Deptos. 1 
Apdo. Postal 12-1012 
Mexico 12, D.F. 
Telephone: (905) 536-09-10 


PHILIPPINES 

MANILA 

Stanford Computer Corporation 

P.O. Box 1608 

416 Dasmarinas St., Manila 
Telephone: 49-68-96 Telex: 742-0352 


VENEZUELA 

CARACAS 

Coasin, C.A. 

Apartado 50939 

Sabana Grande No. 1, Caracas 105 
Telephone: 72-8662; 72-9637 

Cable: INSTRUVEN 
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